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LINEAR TO LINEAR VALVE PIN DRIVE
DURING INJECTION CYCLE
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6,287,107, 6,343,921, 6,343,922, 6,254,377, 6,261,075,
6,361,300 (7006), U.S. Pat. Nos. 6,419,870, 6,464,909
(7031), U.S. Pat. Nos. 6,599,116, 7,234,929 (7075US1),
U.S. Pat. No. 7,419,625 (7075U8S2), U.S. Pat. No. 7,569,169
(7075US3), U.S. patent application Ser. No. 10/214,118,
filed Aug. 8, 2002 (7006), U.S. Pat. No. 7,029,268
(7077US1), U.S. Pat. No. 7,270,537 (7077US2), U.S. Pat.
No. 7,597,828 (7077US3), U.S. patent application Ser. No.
09/699,856 filed Oct. 30, 2000 (7056), U.S. patent applica-
tion Ser. No. 10/269,927 filed Oct. 11, 2002 (7031), U.S.
application Ser. No. 09/503,832 filed Feb. 15, 2000 (7053),
U.S. application Ser. No. 09/656,846 filed Sep. 7, 2000
(7060), U.S. application Ser. No. 10/006,504 filed Dec. 3,
2001, (7068), U.S. application Ser. No. 10/101,278 filed
Mar. 19, 2002 (7070) and PCT Application No. PCT/US11/
062099 (7100WO0) and PCT Application No. PCT/US11/
062096 (7100WO1), U.S. Pat. Nos. 8,562,336, 8,091,202
(7097US1) and U.S. Pat. No. 8,282,388 (7097US2), U.S.
Pat. No. 9,724,861 (7129US4), U.S. Pat. No. 9,662,820
(7129U83), Publication No. WO2015006261 (7135WO0),
Publication No. W02014209857 (7134WQ0), Publication
No. W02016153632 (7149WO2), International publication
no. WO2016153704 (7149W04), U.S. Pat. No. 9,205,587
(7117US0), U.S. application Ser. No. 15/432,175
(7117U8S2) filed Feb. 14, 2017, U.S. Pat. No. 9,144,929
(7118US0), U.S. Publication No. 20170341283 (7118US3),
International Application PCT/US17/043029 (7165WO0)
filed Jul. 20, 2017, International Application PCT/US17/
043100 (7165WO1), filed Jul. 20, 2017 and International
Application PCT/US17/036542 (7163WO0) filed Jun. 8§,
2017, International Application PCT/US18/017422 filed
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BACKGROUND OF THE INVENTION

Injection molding systems have been developed having
flow control mechanisms that control the movement of a
valve pin over the course of an injection cycle to cause the
pin to move either upstream or downstream over the course
of the injection cycle using rotary motion that is converted
to linear motion such as disclosed in U.S. Pat. No. 9,346,
206.

SUMMARY OF THE INVENTION

An actuator 1000, FIGS. 1, 1A as used in a system
according to the invention typically comprises an electri-
cally powered motor having a bearing 152 that rotatably
mounts either a nut 154 or a screw 158 to the housing 64 of
the actuator 1000. Either the nut 154 or screw 158 can be
attached to an electromagnetic coil 174 that when energized
by electrical power input causes the nut 154 or screw 158 to
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be drivably rotated around the linear travel axis .1, FIGS.
1A, 1B, 19. As shown the screw 158 and nut 154 are
screwably engaged via complementary threads 1564. In the
FIG. 1 embodiment, the nut 154 is attached to the coil 174
and is rotatably driven R1 around the travel axis [.1. In the
FIG. 1A embodiment the screw 158 is attached to the coil
174 and rotatably driven R2. In the FIG. 1 embodiment, the
screw 158 acts as the linear drive member 150. In the FIG.
1A embodiment, the nut 154 acts as the linear drive member
150.

In accordance with the invention there is provided an
injection molding system (5) comprised of an injection
molding machine (IMM), a distribution manifold (6) for
receiving a selected injection fluid (F) from the injection
molding machine (IMM), a valve (10) comprising a flow
passage (15) receiving the injection fluid (F) from the
manifold (6) having a longitudinal length (I.) and a down-
stream tip end exit aperture (20), a mold (7) having a cavity
(60) having a cavity entrance aperture (30), the exit aperture
(20) being fluid sealably matable with the cavity entrance
aperture (30) to form a gate aperture (50),

the injection molding machine (IMM) injecting a selected
injection fluid (F) to the manifold (6) which distributes the
injection fluid for injection downstream through the flow
passage (15) of the valve (10) and further downstream to and
through the exit aperture (20) and further downstream to and
through the gate aperture (50) into the cavity (60) of the
mold (7),

the valve (10) comprising an actuator (1000) that includes
a linear drive member (150, 154, 158) that is reciprocally
driven back and forth along a first linear path of travel (L1),

a valve pin (80) that is adapted to travel linearly upstream
and downstream within the flow passage (15) between pin
upstream (81) and pin downstream (82) positions along a
second linear path of travel (L.2) that is non-coaxial relative
to the first linear path of travel (L1),

the actuator (1000) being interconnected to the valve pin
(80) in an arrangement wherein movement of the linear
drive member (150, 154, 158) along the first linear path of
travel (L1) drives the valve pin (80) along the second linear
path of travel (L2).

The linear drive member (150, 154, 158) is typically
interconnected to an upstream end (502) of a linear to linear
travel converter (500) and the valve pin (80) is intercon-
nected to a downstream end (504) of the linear to linear
travel converter (500).

The linear to linear travel converter (500) can pivot or
travel linearly along the first linear path of travel (L.1) in
response to being driven by the linear drive member (150,
154, 158).

The linear drive member (150, 154, 158) is typically
adapted to travel between an upstream drive position (151)
and a downstream drive position (152) that correspond
respectively to travel of the valve pin (80) between the pin
upstream (81) and pin downstream (82) positions, the linear
to linear travel converter (500) being adapted to mechani-
cally change velocity (V) of travel of the valve pin (80)
during the course of travel of the valve pin (80) between the
pin upstream (81) and pin downstream (82) positions when
the linear drive member is driven at a constant velocity
(CV).

The linear drive member (150, 154, 158) preferably
travels between an upstream drive position (151) and a
downstream drive position (152) that correspond respec-
tively to travel of the valve pin (80) between the pin
upstream (81) and pin downstream (82) positions, the linear
to linear travel converter (500) being adapted to mechani-
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cally change velocity (V) of travel of the valve pin (80)
during the course of travel of the valve pin (80) between the
pin upstream (81) and pin downstream (82) positions when
the linear drive member is driven at a constant velocity.

The linear to linear travel converter can include a velocity
adjuster (507) interconnected at an upstream end (507«) to
the linear drive member (150, 154, 158) and at a downstream
end (507d) to the valve pin (80), the velocity adjuster (507)
being adapted to mechanically change velocity (V) of travel
of the valve pin (80) during the course of travel of the valve
pin (80) between the pin upstream (81) and pin downstream
(82) positions when the linear drive member is driven at a
constant velocity.

The actuator (1000) typically comprises an electric motor
or electrically powered device.

The actuator (1000) can includes a screw (158) or a nut
(154) that is rotatably driven by the electric motor or
electrically powered device, the screw (158) or nut (154)
being screwably engaged with the linear drive member (150,
154, 158) in an arrangement wherein the linear drive mem-
ber (150, 154, 158) is driven along the first linear path of
travel (IL1) on driven rotation of the screw (158) or nut (154).

The system can further include a position detector (178)
that senses linear position of the valve pin (80).

The system can further include a controller (176) that
includes a program that receives a position detection signal
from the position detector (178), the program including
instructions that controllably drive the actuator (1000) based
on use of the position detection signal as an input.

The position detector can comprise a Hall effect sensor.

The controller (176) preferably includes instructions that
control rate, direction or timing of driven movement of the
actuator (1000) during the course of an injection cycle.

In another aspect of the invention there is provided a
method of performing an injection cycle comprising inject-
ing a selected injection fluid (F) into a cavity (60) of a mold
(7) using a system as described above.

In another aspect of the invention there is provided, in an
injection molding system (5) comprised of an injection
molding machine (IMM), a distribution manifold (6) for
receiving a selected injection fluid (F) from the injection
molding machine (IMM), a valve (10) comprising a flow
passage (15) receiving the injection fluid (F) from the
manifold (6) having a longitudinal length (I.) and a down-
stream tip end exit aperture (20), a mold (7) having a cavity
(60) having a cavity entrance aperture (30), the exit aperture
(20) being fluid sealably matable with the cavity entrance
aperture (30) to form a gate aperture (50), wherein the
injection molding machine (IMM) injects a selected injec-
tion fluid (F) to the manifold (6) which distributes the
injection fluid for injection downstream through the flow
passage (15) of the valve (10) and further downstream to and
through the exit aperture (20) and further downstream to and
through the gate aperture (50) into the cavity (60) of the
mold (7),

a valve (10) comprising an actuator (1000) that includes
a linear drive member (150, 154, 158) that is reciprocally
driven back and forth along a first linear path of travel (L1),

a valve pin (80) that is adapted to travel linearly upstream
and downstream within the flow passage (15) between pin
upstream (81) and pin downstream (82) positions along a
second linear path of travel (1.2) that is non-coaxial relative
to the first linear path of travel (L1),

the actuator (1000) being interconnected to the valve pin
(80) in an arrangement wherein movement of the linear
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drive member (150, 154, 158) along the first linear path of
travel (L1) drives the valve pin (80) along the second linear
path of travel (L2).

In such a valve the linear drive member (150, 154, 158)
is typically interconnected to an upstream end (502) of a
linear to linear travel converter (500) and the valve pin (80)
is interconnected to a downstream end (504, 5074) of the
linear to linear travel converter (500).

The linear to linear travel converter (500) can pivot or
travel linearly along the first linear path of travel (L.1) in
response to being driven by the linear drive member (150,
154, 158).

The linear drive member (150, 154, 158) preferably
travels between an upstream drive position (151) and a
downstream drive position (152) that correspond respec-
tively to travel of the valve pin (80) between the pin
upstream (81) and pin downstream (82) positions, the linear
to linear travel converter (500) being adapted to mechani-
cally change velocity (V) of travel of the valve pin (80)
during the course of travel of the valve pin (80) between the
pin upstream (81) and pin downstream (82) positions when
the linear drive member is driven at a constant velocity.

The linear to linear travel converter can include a velocity
adjuster (507) interconnected at an upstream end (507x) to
the linear drive member (150, 154, 158) and at a downstream
end (507d) to the valve pin (80), the velocity adjuster (507)
being adapted to mechanically change velocity (V) of travel
of the valve pin (80) during the course of travel of the valve
pin (80) between the pin upstream (81) and pin downstream
(82) positions when the linear drive member is driven at a
constant velocity.

The actuator (1000) typically comprises an electric motor
or electrically powered device.

The actuator (1000) can includes a screw (158) or a nut
(154) that is rotatably driven by the electric motor or
electrically powered device, the screw (158) or nut (154)
being screwably engaged with the linear drive member (150,
154, 158) in an arrangement wherein the linear drive mem-
ber (150, 154, 158) is driven along the first linear path of
travel (IL1) on driven rotation of the screw (158) or nut (154).

The valve can further include a position detector (178)
that senses linear position of the valve pin (80).

The valve can further include a controller (176) that
includes a program that receives a position detection signal
from the position detector (178), the program including
instructions that controllably drive the actuator (1000) based
on use of the position detection signal as an input.

The position detector can comprise a Hall effect sensor.

The controller (176) preferably includes instructions that
control rate, direction or timing of driven movement of the
actuator (1000) during the course of an injection cycle.

In another aspect of the invention there is provided a
method of performing an injection cycle comprising inject-
ing a selected injection fluid (F) into a cavity (60) of a mold
(7) using a valve as described above.

In another aspect of the invention there is provided an
injection molding system (5) comprised of an injection
molding machine (IMM), a distribution manifold (6) for
receiving a selected injection fluid (F) from the injection
molding machine (IMM), a valve (10) comprising a flow
passage (15) receiving the injection fluid (F) from the
manifold (6) having a longitudinal length (I.) and a down-
stream tip end exit aperture (20), a mold (7) having a cavity
(60) having a cavity entrance aperture (30), the exit aperture
(20) being fluid sealably matable with the cavity entrance
aperture (30) to form a gate aperture (50), wherein the
injection molding machine (IMM) injects a selected injec-
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tion fluid (F) to the manifold (6) which distributes the
injection fluid for injection downstream through the flow
passage (15) of the valve (10) and further downstream to and
through the exit aperture (20) and further downstream to and
through the gate aperture (50) into the cavity (60) of the
mold (7), a valve (10) comprising an actuator (1000) that
includes a linear drive member (150, 154, 158) that is
reciprocally driven back and forth along a first linear path of
travel (L1), a valve pin (80) that is adapted to travel linearly
upstream and downstream within the flow passage (15)
between pin upstream (81) and pin downstream (82) posi-
tions along a second linear path of travel (I.2) that is
non-coaxial relative to the first linear path of travel (1), a
linear to linear travel converter (500) interconnected to the
linear drive member (159, 154, 158) in an arrangement such
that the linear to linear travel converter (500) is drivable
along the first linear path (LL1), the linear to linear travel
converter (500) including a slot (509) that receives a fol-
lower (520) interconnected to an upstream end (80/) of the
valve pin (80), the slot (509) being driven along the first
linear path (I.1) together with travel of the linear to linear
travel converter (500), the follower (520) being adapted to
slide along a guide surface (509s) within the slot (509), the
guide surface (509s) being configured to drive the valve pin
(80) along the second linear path of travel (I.2) at one or
more speeds or velocities of linear travel (V) when the linear
drive member (159, 154, 158) is driven at a constant velocity
(CV).

The guide surface (509s) is preferably configured to drive
the valve pin (80) at at least two different speeds or veloci-
ties (V) during the course of travel of the valve pin (80)
between the pin upstream (81) and pin downstream (82)
positions.

In another aspect of the invention there is provided a
method of performing an injection cycle comprising inject-
ing a selected injection fluid (F) into a cavity (60) of a mold
(7) using an apparatus according to claim 26.

In another aspect of the invention there is provided in an
injection molding system (5) comprised of an injection
molding machine (IMM), a distribution manifold (6) for
receiving a selected injection fluid (F) from the injection
molding machine (IMM), a valve (10) comprising a flow
passage (15) receiving the injection fluid (F) from the
manifold (6) having a longitudinal length (I.) and a down-
stream tip end exit aperture (20), a mold (7) having a cavity
(60) having a cavity entrance aperture (30), the exit aperture
(20) being fluid sealably matable with the cavity entrance
aperture (30) to form a gate aperture (50), wherein the
injection molding machine (IMM) injects a selected injec-
tion fluid (F) to the manifold (6) which distributes the
injection fluid for injection downstream through the flow
passage (15) of the valve (10) and further downstream to and
through the exit aperture (20) and further downstream to and
through the gate aperture (50) into the cavity (60) of the
mold (7), a valve (10) comprising an actuator (1000) that
includes a linear drive member (150, 154, 158) that is
reciprocally driven back and forth along a first linear path of
travel (L1), a valve pin (80) that is adapted to travel linearly
upstream and downstream within the flow passage (15)
between pin upstream (81) and pin downstream (82) posi-
tions along a second linear path of travel (I.2) that is
non-coaxial relative to the first linear path of travel (1), a
linear to linear travel converter (500) having an upstream
end (507u) interconnected to and drivable along the first
linear path (L.1) by the linear drive member (159, 154, 158),
a downstream end (5074) interconnected to an upstream end
(80%) of the valve pin (80) in an arrangement adapted to
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drive the valve pin (80) along the second linear path of travel
(L2) at one or more speeds or velocities of linear travel (V)
when the linear drive member (159, 154, 158) is driven at a
constant velocity (CV).

The linear to linear travel converter (500) is typically
adapted to drive the valve pin (80) at at least two different
speeds or velocities (V) during the course of travel of the
valve pin (80) between the pin upstream (81) and pin
downstream (82) positions when the linear drive member
(159, 154, 158) is driven at a constant velocity (CV).

The linear to linear travel converter (500) can comprise a
slide (530) interconnected to an upstream end (80/%) of the
valve pin (80) and adapted to mount the valve pin (80) for
sliding movement along the second linear path of travel
(L2), the linear to linear travel converter (500) including a
link device (540) pivotably interconnected between the
linear drive member (150, 154, 158) and the slide (530), the
link device (540) being adapted to drive the valve pin (80)
along the first linear path of travel (L2) and the slide (530)
along a complementary linear path of travel (L2a).

In another aspect of the invention there is provided a
method of performing an injection cycle comprising inject-
ing a selected injection fluid (F) into a cavity (60) of a mold
(7) using an apparatus as described above.

In another aspect of the invention there is provided an
injection molding system (5) comprised of an injection
molding machine (IMM), a distribution manifold (6) for
receiving a selected injection fluid (F) from the injection
molding machine (IMM), a valve (10) comprising a flow
passage (15) receiving the injection fluid (F) from the
manifold (6) having a longitudinal length (I.) and a down-
stream tip end exit aperture (20), a mold (7) having a cavity
(60) having a cavity entrance aperture (30), the exit aperture
(20) being fluid sealably matable with the cavity entrance
aperture (30) to form a gate aperture (50), wherein the
injection molding machine (IMM) injects a selected injec-
tion fluid (F) to the manifold (6) which distributes the
injection fluid for injection downstream through the flow
passage (15) of the valve (10) and further downstream to and
through the exit aperture (20) and further downstream to and
through the gate aperture (50) into the cavity (60) of the
mold (7),

the system (5) including a valve (10) comprising an
actuator (1000) that includes a linear drive member (150,
154, 158) that is reciprocally driven back and forth along a
first linear path of travel (L.1),

a valve pin (80) that is adapted to travel linearly upstream
and downstream within the flow passage (15) between pin
upstream (81) and pin downstream (82) positions along a
second linear path of travel (L.2) that is non-coaxial relative
to the first linear path of travel (L1),

a linear to linear travel converter (500) having an
upstream end (507#) interconnected to and drivable along
the first linear path (1) by the linear drive member (159,
154, 158), a downstream end (507d) interconnected to an
upstream end (80%) of the valve pin (80) in an arrangement
adapted to drive the valve pin (80) along the second linear
path of travel (I.2) at one or more speeds or velocities of
linear travel (V) when the linear drive member (159, 154,
158) is driven at a constant velocity (CV).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional view of an electrically
powered actuator having a rotatably driven nut intercon-
nected to a linear to linear movement conversion device.
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FIG. 1A is a schematic sectional view of an electrically
powered actuator having a rotatably driven screw intercon-
nected to a linear to linear movement conversion device.

FIG. 2 is a top right side schematic perspective view of an
injection molding system incorporating an electric actuator
with linear to linear movement conversion device of FIG. 1
or 2.

FIG. 3 is a side sectional view of an injection molding
system taken along lines 3-3 of FIG. 2 showing one embodi-
ment of an electric actuator interconnected to a version of a
linear to linear movement conversion device the same as or
similar to the devices shown in FIGS. 5-8.

FIG. 4 is a sectional view taken along lines 4-4 of FIG. 3.

FIG. 5 is a sectional view taken along lines 5-5 of FIG. 4
showing the valve pin in a downstream gate closed position
when the linearly driven component of the actuator is in a
fully downstream extended position and the slotted linear to
linear drive component has a straight or linearly configured
drive guide slot.

FIG. 6 is a sectional view similar to FIG. 5 showing the
driven valve pin in an upstream gate open position when the
slotted drive component of the actuator is in a fully upstream
retracted position.

FIG. 7 is a sectional view similar to FIG. 4 showing the
valve pin and linearly driven component in a fully upstream
position.

FIG. 8 is a top left side exploded perspective view of a
subset of the components of an assembly as shown in FIGS.
4-7.

FIG. 9 is a view similar to FIG. 5 showing a linear
conversion drive slide component having a stepped slot
profile.

FIG. 10A is a plot of pin velocity versus axial position of
the valve pin when using the FIGS. 5, 6 straight or linear
slotted plate embodiment at a constant linear drive member
velocity.

FIG. 10B is a plot of pin velocity versus axial position of
the valve pin when using the FIG. 9 stepped slotted plate
embodiment at a constant linear drive member velocity.

FIG. 11 is top left side perspective view of an electric
actuator and linear to linear movement conversion or trans-
fer device assembly showing a linear to linear converter
device configured to use a pair of pivot arms interconnected
between the drive shaft of the actuator and sliding linear
drive converter component in an arrangement such that the
sliding linearly driven component is driven at a progres-
sively decreasing upstream to downstream velocity when the
actuator drive shaft is driven at a constant velocity along a
ninety degree path of travel relative to the path of travel of
the sliding linearly drive component of the converter.

FIG. 12 is a sectional view taken along lines 12-12 of FIG.
11 showing the actuator drive shaft in a retracted drive
position and the sliding linearly driven component of the
converter in an upstream position.

FIG. 13 is a view similar to FIG. 12 showing the actuator
drive shaft of the FIG. 11 subassembly in an extended drive
position and the sliding linearly driven component of the
converter in a downstream position.

FIG. 14 is a top left exploded perspective view of the
linear converter component of the FIG. 11 subassembly.

FIG. 15 is a plot showing the downstream driven velocity
of the valve pin and sliding linearly driven component of the
FIG. 11 subassembly as a function of the position of the
drive shaft of the actuator when the drive shaft is driven at
a constant velocity, the downstream velocity of the valve pin
decreasing as the actuator shaft moves at a constant velocity,
constant downstream or extended drive velocity input by the
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actuator yielding a decreasing downstream velocity output
by the linearly driven component of the converter.

FIG. 16 is a top left perspective view of the downstream
end of a linearly moving actuator shaft interconnected to
another embodiment of a linear to linear conversion device
comprised of a lever interconnected to a valve pin.

FIG. 17 is a top left perspective view of the downstream
end of a linearly moving actuator shaft interconnected to
another embodiment of a linear to linear conversion device
comprised of a chain of links interconnected to a valve pin.

FIG. 18 is a sectional view taken along lines 18-18 of FIG.
17,

FIG. 19 is a side schematic view of another embodiment
of the invention where the actuator drive shaft or rotor is
rotatably and non coaxially interconnected to a separate
linear drive shaft via a series of speed and torque changing
gears.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows an embodiment of the invention where the
actuator 1000 comprises and electric motor comprised of an
electrically powered coil 174 attached to a nut or ball screw
154 that is fixedly attached to the inner race of a bearing 153
the outer race of which is fixedly mounted to the housing 64
of the actuator 100. When the coil 174 of the motor is
energized by electric power or energy rotational force R1 is
applied to the nut or ball screw 154 thus controllably rotating
the nut or ball screw 154. The rotating ball screw or nut 154
is in turn screwably engaged with a complementary screw or
threaded shaft 158 which is driven linearly along a first
selected linear path of travel L1 by virtue of its screwable
engagement with the rotatably driven nut or ball screw 154.

FIG. 2 shows an alternative embodiment of an actuator
1000 that effects a first linear path of driven travel 1. In the
FIG. 2 embodiment, a threaded shaft or screw 158 is
alternatively fixedly mounted to the inner race of a bearing
153 the outer race of which is fixedly mounted to the
actuator housing 64. The electric coil 174 of the actuator
motor is fixedly attached to the screw 158 such that the
screw 158 is rotatably driven R2 when the motor coil 174 is
energized by electric power. The threaded 156 screw shaft
158 is threadably engaged with a complementary ball screw
or nut 154 that it linearly driven [.1 by driven rotation R2 of
the threaded shaft or screw 158.

As shown in FIGS. 1, 2 the linearly driven component,
158 or 154 is interconnected as described below to the
upstream end 502 of a linear to linear motion converter 500
which is interconnected at a downstream end 504 to the
upstream end 81 of a valve pin 80. As shown the valve pin
80 is driven along a separate linear path of travel L2 by
virtue of the conversion of the linear motion L1 of the drive
member 158, 154 to the linear motion [.2 by the linear
motion converter 500.

In another alternative embodiment as shown in FIG. 19,
a rotary electric actuator 1754 having a rotatably driven
drive shaft 1754~ is interconnected to another linear motion
drive system that is comprised of a rotary or rotatably driven
shaft or threaded screw IRS, a ball screw or nut BS and an
interconnected drive shaft 1756 that is driven along a first
linear path of travel 1. In the FIG. 19 embodiment the
rotatably driven shaft 1754~ of the electric actuator 1754 is
arranged along an axis A in a non coaxial configuration
relative to the linearly driven follower FR and linearly
driven shaft 1756 of the actuator 1754 that travels along the
first linear path of travel L1, FIG. 19. The rotatably driven
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R3 shaft 1754R of the electric actuator 1754 as shown is
drivably interconnected to the rotatably driven R4 screw
component IRS via a series of meshed speed reducing (or
speed increasing) gears G1, G2, G3 such that the speed and
torque of the non coaxially aligned screw IRS is selectively
increased or decreased relative to the speed and torque of the
driven shaft 1754r of the electric motor actuator 1754. The
drive screw IRS is screwably interconnected to ball screw or
nut BS. Gear G3 is rigidly connected to the threaded screw
shaft IRS which is rotatably driven R4 by and together with
rotation of meshed gears G1 and G2. The ball screw BS is
interconnected to a follower FR which is driven along a
linear path of travel or linearly [.1 by the rotation R4 of shaft
IRS and the rotation R3 of interconnected rotor 17547. The
distal or upstream end the follower FR is attached to (or can
be integral with) the downstream end DE of the intermediate
linear motion shaft 1756. An upstream end 502 of the
linearly driven shaft 1756 is interconnected to the linear to
linear motion converter 500 in a manner similar to that
described regarding the converter 500 configurations herein.
The converter 500 is interconnected at its downstream end
504 to the upstream end 81 of the valve pin 80 driving the
valve pin along the second linear axis of movement 1.2, FIG.
19. Thus the nut or ball screw BS, threaded screw IRS and
gears G1, G2, G3 convert the rotary motion R3 of the
actuator 1754 to a linear drive motion L1 that is not coaxial
with the rotary axis A of the electric motor and enables
increase or decrease in torque or speed of the electric
actuator rotor.

A controller 176 is interconnected to the electric motor
and coil 174 and contains a program that includes program-
mable instructions that can be used to control the back and
forth or upstream and downstream linear movement 1.1 of
the actuator such that concomitant linear movement L2 of a
valve pin 80 can be controlled between downstream gate
closed and one or more upstream gate open positions. The
controller 176 typically also includes instructions that enable
programmable control of the velocity of movement of the
linear movement L1 and thus also the linear movement .2
of the valve pin.

FIGS. 2, 3 shows the arrangement of an injection molding
apparatus 5 that comprises an injection molding machine
IMM that injects injection fluid F to a distribution channel
13 of a heated manifold 6 that in turn routes the injected fluid
to the downstream flow passage 15 of a nozzle 18. Flow
through the nozzle passage 15 into the cavity 60 of a mold
7 is controlled by a valve 10 comprised of a valve pin 80
driven along linear movement axis [.2 by the actuator 1000
and linear to linear movement converter 500.

FIGS. 4-8 show one embodiment of a linear to linear
movement converter 500 that is comprised of a sliding body
507 fixedly interconnected to the linear drive shaft 150 of the
actuator 1000. An undersurface of the sliding body 507 is
slidably mounted on a mounting surface 505bs of a bottom
wall 5055 of a subassembled body housing 505 such that the
sliding body 507 is controllably drivable along the first
linear drive axis [.1 by controlled drive of the actuator 1000
with the controller 176. The sliding body 507 is formed to
include an aperture or slot 509 within the body 507 that is
configured and adapted to cause the valve pin 80 to be driven
at one or more selected speeds along axis .2 in relation to
the speed CV of drive of the actuator 1000. The upstream
end 80/ of the valve pin 80 is fixedly connected to a follower
pin 520 around which is typically mounted one or more
wheels 520w that are typically rotatably mounted on the
follower pin 520. The housing 505, follower pin 520, valve
pin and manifold are assembled such that the guide slot 509
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receives the follower pin 520 and wheels 520w in an
arrangement where the outside surfaces of the wheels 520w
engage against the guide surface 509s of the slot 509. As the
sliding body 507 is moved along axis [.1 the slot 509 moves
along axis [.1 and the follower pin 520 is forced by engage-
ment against the moving slot surface 509 to move along the
non coaxial axis [.2, the valve pin thus moving along the axis
L2 together with movement of the sliding body 507 along
axis L1. The speed of movement V of the valve pin 80
depends both on the contour or profile of the surface 509s of
guide slot 509 and on the speed of movement CV of the
linear drive member 150 of actuator 1000.

As shown in FIGS. 2-9, the actuator 1000, linear to linear
movement converter 500, top clamp plate 5¢, manifold 6,
mold 7 and valve pin 80 are mounted stationarily relative to
each other when assembled into an operating apparatus 5, it
being understood that the manifold 6 expands laterally
relative to the top clamp plate 5¢ and the mold 7 when the
manifold 6 is heated to full operating temperature. Thus the
housing 505 of the linear to linear movement converter 500
is mounted in a stationary position relative to the bushing 65
that mounts the pin 80 against lateral L1 movement except
for radial movement of the pin 80 relative to the converter
500 when the manifold is heated to operating temperature.
As shown, the shaft of the valve pin 80 is snugly received
and mounted within a receiving aperture 6a of a bushing 65
that is fixedly mounted to the manifold such that the follower
pin 520 resists and is prevented from travelling along L1
when force is exerted on the follower pin 520 in the L1 axis
direction by virtue of compressed or forced engagement of
the slot surface 509s, 50951, 50952 with the outside surface
of the wheels 520w attached to the follower pin 520.
Because of the arrangement of mounting of the valve pin 80
within bushing 65 and the fixed mounted of bushing 65 in
manifold 6 relative to the actuator 1000, the follower pin 520
and pin 80 are is forced to travel along axis [.2. As is well
known the head 80/ of the valve pin 80 is typically mounted
within a complementary aperture of sliding body 507 that
allows the head 80/ of the valve pin 80 to move laterally
within the aperture along a lateral axis generally parallel to
the expansion axis EA of the manifold such that the pin 80
thus moves laterally EA together with lateral expansion
movement of the manifold 6 when the converter housing
505 is not itself also mounted on or to the manifold 6.

In the embodiment of FIGS. 4-8, the slot 509s has a linear
or straight configuration such that the speed of movement V
of valve pin 80 varies directly or linearly with the speed of
movement CV of linear drive member 150. As shown in
FIG. 10A when the slot 509 surface 509s is straight, the pin
velocity V remains constant with constant linear drive
member velocity CV.

In the embodiment of FIG. 9 the slot 509 is shown to have
a stepped surface configuration comprised of two separate
steps 50951, 509s2 of differing slopes or degrees of angle
relative to linear movement axis L2 which results in the
velocity V of valve pin 80 increasing when the valve pin 80
is withdrawn upstream and reaches the 5 mm, step 509s1
and greater or higher upstream positions. Thus the velocity
of movement of the valve pin 80 along the [.2 axis can be
changed relative to a constant linear drive member 150
velocity CV as shown by FIG. 10B over the course of travel
of'the valve pin 80 between the downstreammost gate closed
position and the fully upstream position by only the
mechanical or geometrical configuration and arrangement of
the linear to linear movement converter 500.

As can be readily imagined, the contour or profile of the
slot 90 can be selected to be of any stepped, curved or other
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non linear configuration such that the velocity V of move-
ment of the valve pin 80 along the linear axis [.2 has any
selected or predetermined non linear or varying correlation
to the velocity of movement CV of the linear drive member
150, in particular such that the velocity V along axis 1.2
changes to one or more greater or less velocities over the
course of travel of the valve pin 80 between gate closed and
gate full open positions where the velocity of the linear drive
member 150 is constant over the same course of travel of the
valve pin 80. In such embodiments the speed or velocity V
of movement of the valve pin 80 is changed on account of
the mechanical configuration or arrangement of the linear to
linear converter 500 or its operational components.

Another embodiment is shown in FIGS. 11-15 in which a
valve (10) includes a linear to linear travel converter (500)
comprised of a slide (530) interconnected to an upstream
end (80/%) of the valve pin (80). The slide 530 is adapted to
mount the valve pin (80) for sliding movement along the
second linear path of travel (L.2). The linear to linear travel
converter (500) includes a link device (540) that is pivotably
interconnected between the linear drive member (150, 154,
158) and the slide (530) in an arrangement and configuration
such that the links 540 drive the valve pin (80) along the first
linear path of travel (L2) and the slide (530) along a
complementary linear path of travel (L.2a). As shown in FIG.
12, the links 540 are retracted to a fully upstream position by
the linear drive member 150 which in turn pulls or drives the
slide mount 530 and its interconnected valve pin 80 to their
fully upstream positions at which the gate is fully open and
injection flow is at its maximum with the gate being unre-
stricted by the distal tip end of the valve pin 80. FIG. 13
shows the links 540 extended to a fully downstream position
by the linear drive member 150 which in turn pushes or
drives the slide mount 530 and its interconnected valve pin
80 to their fully downstream positions at which the gate is
fully closed and injection flow is stopped by the distal tip
end of the valve pin 80 obstructing or closing the gate 50.

As shown in FIGS. 11-14, the links 540 are pivotably
interconnected at an upstream end to the linear drive mem-
ber 150 and pivotably interconnected at a downstream end
to the slide member 530 via a pin connector 504 which is in
turn fixedly interconnected to the upstream end 80/ of the
valve pin 80. Extension and retraction of the linear drive
member 150 causes the links 540 to pivot upstream and
downstream via their interconnection to the slide member
530 that is slidably mounted on a mounting or housing wall
505w of the converter 500. The converter 500 assembly
includes mounting walls 505w that are stationarily mounted
on or to one or the other of the top clamp plate 5¢ or manifold
6. The slide member 530 is in turn slidably mounted to a
slotted guide or mount 528 that is fixedly attached to the
mounting wall 505w such that the slide member 530 is
limited in translational movement relative to the valve pin
80 along the 1.2 axis and not along the [.1 axis.

As shown in FIG. 15, the FIGS. 11-14 subassembly 500
of links 540, slide member 530, slide guide 528 are adapted
and configured to change the velocity V of the valve pin 80
and slide 530 along axis [.2 according to a non linear
velocity profile as shown in FIG. 15 when the velocity CV
of the linear drive member 150 is constant.

Other embodiments of linear to linear motion converters
500 are shown in FIGS. 16-18. FIG. 16 shows an embodi-
ment where the converter 500 comprises a velocity adjuster
507 in the form of a lever arm comprised of an upstream arm
LPU and downstream arm LPD fixedly or integrally con-
nected to each other and pivotable around a pivot point LP
that is rotatably mounted to a pivot support PS that is in turn
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fixedly mounted to a mounting wall 505w that is stationarily
mounted to the system such as on or to the top clamp plate
5¢ or the manifold 6. The upstream end of the upstream arm
LPU is pivotably connected to the linear drive member 150
for linear drive along axis [.1 and concomitant pivoting of
the velocity adjuster 507 around the pivot point LP. Driven
movement of arm LPU along axis .1 results in driven
movement of downstream arm LPD along axis [.2 at a
selected velocity or profile of velocities V relative to the
velocity of movement CV of the linear drive member 150,
the selected velocity or profile of velocities V is dependent
on the selected configuration of the arms LPU, LPD.

FIG. 18 shows another embodiment of a linear to linear
movement converter 500 comprised of a chain 507 that is
comprised of a series of interlinked first and second links
50711, 50712 interconnected or linked by a link pin 507p.
An upstream end of the chain 507 is connected to a down-
stream end of the linear drive member 150 for pushing and
pulling the upstream end of the chain 507« along the linear
direction or axis [.1. As shown the downstream end 507p of
the chain 507 is interconnected to the upstream end 80/ of
the valve pin 80 such that the pin 80 is controllably moved
along the axis [.2 by controlled movement of the linear drive
member 150 along axis [.1 with the converter chain 507 and
wheel 507w transferring force and motion between the linear
drive member 150 and the valve pin 80. The chain 507 is
linkably engaged with the teeth of a rotational mounting
wheel 507w that is rotatably mounted on a rotation pivot RP
of a wheel mount RS that is stationarily mounted to a
converter housing wall or mount 505q that is fixedly
mounted to either the top clamp plate 5¢ or heated manifold
6. The chain 507 is configured such that its pins 507p
interlink to the teeth of the guide wheel 50w thus enabling
the chain 507 to freely travel in path CR defined by the
contour of the circumference CIR of the chain. The relative
size, contour and arrangement of the components of the
converter 500 of FIGS. 17, 18 including the size, contour
and arrangement of one or more of the links 50711, 50712,
link pins 507p, contour CIR of the wheel 507w, diameter of
the wheel 507w and location or spatial disposition of the
rotation axis RP can be selected such that the speed or
velocity V of the valve pin 80 relative to the speed or
velocity CV of the linear drive member over the course of
travel of the valve pin between a gate closed downstream
position and an upstream gate open position can be selec-
tively predetermined.

The velocity V of movement of the valve pin 80 can be
further controlled according to any profile over the course of
movement between fully downstream (gate closed) and fully
upstream (fully gate open) positions by control of the
velocity CV of movement of the linear drive member 150
via control through the controller 176 of the rotational
velocity and direction of the actuator 1000. In such embodi-
ments, the controller can include a program that includes
programmable instructions that control the direction and rate
of rotational drive of the rotor of an electric actuator 1000.

What is claimed is:

1. In an injection molding system (5) comprised of an
injection molding machine (IMM), a distribution manifold
(6) for receiving a selected injection fluid (F) from the
injection molding machine (IMM), a valve (10) comprising
a flow passage (15) receiving the injection fluid (F) from the
manifold (6) having a longitudinal length (I.) and a down-
stream tip end exit aperture (20), a mold (7) having a cavity
(60) having a cavity entrance aperture (30), the exit aperture
(20) being fluid sealably matable with the cavity entrance
aperture (30) to form a gate aperture (50), wherein the
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injection molding machine (IMM) injects said injection fluid
(F) to the manifold (6) which distributes the injection fluid
for injection downstream through the flow passage (15) of
the valve (10) and further downstream to and through the
exit aperture (20) and further downstream to and through the
gate aperture (50) into the cavity (60) of the mold (7),

the valve (10) comprising an actuator (1000) that includes
a linear drive member (150, 154, 158) that is recipro-
cally driven back and forth along a first linear path of
travel (L1),

a valve pin (80) that is adapted to travel linearly upstream
and downstream within the flow passage (15) between
pin upstream (81) and pin downstream (82) positions
along a second linear path of travel (1.2) that is non-
coaxial relative to the first linear path of travel (L1),

the actuator (1000) being interconnected to the valve pin
(80) in an arrangement wherein movement of the linear
drive member (150, 154, 158) along the first linear path
of travel (L1) drives the valve pin (80) along the second
linear path of travel (1.2),

wherein the linear drive member (150, 154, 158) is
interconnected to an upstream end (502, 507ux) of a
linear to linear travel converter (500) and the valve pin
(80) is interconnected to a downstream end (504) of the
linear to linear travel converter (500), the upstream end
(502, 507u) of the linear to linear travel converter (500)
being driven along the first linear path of travel (L1) by
the linear drive member (150, 154, 158) and the down-
stream end (504, 507d) of the linear to linear travel
converter (500) being adapted to drive the valve pin
along the second linear path of travel (L.2),

the linear to linear travel converter (500) comprising:

a converter housing (505) stationarily mounted on to the
manifold (6),

a sliding body (507) fixedly interconnected to the linear
drive member (150, 154, 158) and slidably mounted to
a wall of the converter housing (505) such that the
sliding body (507) is controllably drivable along the
first linear path of travel (L.1),

a guide slot (509) within the sliding body (507),

a follower pin (520) fixedly connected to an upstream end
(80%) of the valve pin (80), the follower pin (520) being
received within the guide slot (509) such that as the
sliding body (507) is moved along the first path (L1) the
guide slot (509) moves along the first linear path of
travel (L1) and the follower pin (520) is forced by
engagement against a moving guide slot surface (509s)
of the guide slot (509) to move along the second linear
path of travel (L.2), while the guide pin (80) also moves
along the second linear path of travel (L.2),

wherein the converter housing (505) has slots (511)
aligned along the second linear path of travel (I.2) in
opposing walls (505w) of the converter housing (505)
that receive and guide movement of the follower pin
(520) along the second linear path of travel (L2).

2. The system according to claim 1 wherein the linear to
linear travel converter (500) is adapted to pivot or travel
between an upstream drive position (507udp) and a down-
stream drive position (507ddp) that correspond respectively
to travel of the valve pin (80) between the pin upstream (81)
and pin downstream (82) positions.

3. The system according to claim 1 wherein the linear to
linear travel converter (500) is adapted to pivot or travel
linearly along the first linear path of travel (L1) in response
to being driven by the linear drive member (150, 154, 158).

4. The system according to claim 1 wherein the linear
drive member (150, 154, 158) is adapted to travel between
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an upstream drive position (151) and a downstream drive
position (152) that correspond respectively to travel of the
valve pin (80) between the pin upstream (81) and pin
downstream (82) positions, the linear to linear travel con-
verter (500) being adapted to mechanically change velocity
(V) of travel of the valve pin (80) during the course of travel
of the valve pin (80) between the pin upstream (81) and pin
downstream (82) positions when the linear drive member is
driven at a constant velocity (CV).

5. The system according to claim 1 wherein the linear to
linear travel converter includes a velocity adjuster (507)
interconnected at an upstream end (507«) to the linear drive
member (150, 154, 158) and at a downstream end (5074) to
the valve pin (80), the velocity adjuster (507) being adapted
to mechanically change velocity (V) of travel of the valve
pin (80) during the course of travel of the valve pin (80)
between the pin upstream (81) and pin downstream (82)
positions when the linear drive member is driven at a
constant velocity (CV).

6. The system according to claim 1 wherein the actuator
(1000) comprises an electric motor or electrically powered
device.

7. The system according to claim 1, wherein the actuator
(1000) includes a screw (158) or a nut (154) that is rotatably
driven by the electric motor or electrically powered device,
the screw (158) or nut (154) being screwably engaged with
the linear drive member (150, 154, 158) in an arrangement
wherein the linear drive member (150, 154, 158) is driven
along the first linear path of travel (L.1) on driven rotation of
the screw (158) or nut (154).

8. The system according to claim 1, further including a
position detector (178) that senses linear position of the
valve pin (80).

9. The system according to claim 1, further including a
controller (176) that includes a program that receives a
position detection signal from a position detector (178), the
program including instructions that controllably drive the
actuator (1000) based on use of the position detection signal
as an input.

10. The system according to claim 9, wherein the position
detector (178) comprises a Hall effect sensor.

11. The system according to claim 9, wherein the con-
troller (176) includes instructions that control rate, direction
or timing of driven movement (V) of the actuator (1000)
during the course of an injection cycle.

12. A method of performing an injection cycle comprising
injecting a selected injection fluid (F) into a cavity (60) of a
mold (7) using the system according to claim 1.

13. The system according to claim 1, wherein the guide
slot surface (509s) being configured to drive the valve pin
(80) along the second linear path of travel (I.2) at one or
more speeds or velocities of linear travel (V) when the linear
drive member (159, 154, 158) is driven at a constant velocity
(CV).

14. The system according to claim 13, wherein the guide
slot surface (509s) is configured to drive the valve pin (80)
at least two different speeds or velocities (V) during the
course of travel of the valve pin (80) between the pin
upstream (81) and pin downstream (82) positions.

15. The system according to claim 1, wherein:

the sliding body (507) has two guide slots (509, 509)

configured such that as the sliding body (507) is moved
along the first linear path of travel (L.1) each guide slot
(509, 509) moves along the first linear path of travel
(L1) and the follower pin (520) is forced by engage-
ment against the moving slot surfaces (509s, 509s) of
the two guide slots (509, 509) to move along the
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non-coaxial second path (L2) for controlling the
upstream and downstream movement of the valve pin
(80), and

the converter housing (505) has two opposing walls
(505w, 505w) each having a slot (511, 511) aligned 5
along the second linear path of travel (L2).
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